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- ■>  HF(Vj  1,  Jj)  terminates  on  high  .lj  states  of  v^  0.  j 'I  lie  calculated 

temperature-dependent  quenching  rate  coefficient  for  sielf- relaxation  of 
IIFIvj  1)  at  temperatures  between  LOO  to  2000  K is  dependent  on  v -♦  If 
and  If -»  v ene  rgy -t  ransfe  r processes,  and  beyond  2000  K only  on  v -*  If 
processes.  The  puzzling  temperature  dependence  observed  for  lll'(v.  1) 
vibrational  relaxation  by  l!F(v->  0)  is  explained  by  tins  model.  For  the 
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the  Totalization  at  high  temperatures.^  No  mechanisms  involving  dimeriza- 
tion appear  to  be  necessary  in  understanding  the  inverse  temperature 
dependence  of  the  reported  quenching  rate  coefficients. 
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I.  INTRODUCTION 


I'bo  understanding  of  the  tomporaturo  dependence  fjonor.it oil  h\  the  large 

sot  of  oxpo  rimontal  rate  oooffioiont  s * 11  for  HF|v.  II  relaxation  by  UK 

between  '00  and  4000  K hithorto  has  boon  incomplete.  Hot!  and  i alien'  and 

9 

Hinohon  oomparod  those  experimental  rato  oooffioionts  with  rato  coefficients 
oaloulatod  by  moans  of  sovor.il  theoretical  tnadols.  * * ^ Ihov  com  ludod  that 

neither  tho  tomporaturo  dependence  nor  tho  magnitude  of  tho  rato  coefficient 
for  UK  vibrational  relaxation  is  prodietod  adequately  bv  moans  of  those 
models. 

Tho  experimental  rato  oooffioiont  for  HF’(v  tl  relaxation  b\  UK  do 

oroasos  with  increasing  tomporaturo  from  '00  to  about  1-100  N and  increases 

wnth  increasing  tomporaturo  beyond  MOO  K.  1'his  anomalous  temperature 

dopondoiuo  has  boon  observed  in  other  hydrogen  halides  and  is  a basis  for 

speculation  that  vibrational- to- rotational  (v  • R1  energy  transfer  is  involved 

in  those  interactions.  A comparison  of  isotopic  relaxation  rates  for  MCI 

11C1  and  PCl-DCl  collisions  by  Chon  and  Moore*  and  lll'r-Hllr  and  PUr- 

, 0 

HBr  collisions  by  Chon  and  Chon  provides  convincinii  evidence  that  the 
relaxation  of  hydrogen  halide  molecules  in  tho  y t vibrational  state  occurs 
bv  a v - R onorpv-transfor  process,  experimental  analyses  are  based  on 
the  assumption  that  tho  rotational  states  of  UK  are  equilibrated  in  about 
0.2  psoc  for  a typical  pressure  of  20  lorr;'  therefore,  rotational  equilibrium 
is  assumed  in  the  analyses.  * “ ‘ * I’ho  possibility  of  formation  of  highly 

excited  rotational  states  of  UK  by  a v •*  R mechanism  in  HKtv,  II  1 


HFlv^  01  collisions  ami  of  rotational  relaxation  i rom  these  Inch 
rotational  states  with  considerably  longer  cha racte rist  ic  times  lias  not  heen 
considered.  This  possibility  of  formation  of  high  rotational  states  of  111'  i>\ 
a v * R mechanism  lias  been  suggested.  however,  bv  several  authors'  ' " * • 
on  the  basis  that  the  llK(v.  1)  self- relaxation  rates  observed  in  pure  111" 
wore  Ub',  slower  than  the  similar  rates  with  UK  diluted  in  argon.  It 
was  predu  ted  m a previous  trajectory  study*"  that  in  1 1 !•' t v 1)  i lll'(y  , 0) 

collisions,  the  vibrat  tonally  excited  111-'  rotor  removes  the  energy  mismatch 
.\!  that  corresponds  to  rotationless  111'  molecules  1>\  means  ot  a \ * R energy 

tr.uii.ler  pro»  e,-.s.  This  prooss,  whu  h i orresponds  to  noutvsonanl  y * R 
ml  ramolecular  energy  trauster,  accounts  for  the  formation  of  highly  excited 
rotational  states  tJ  * 10  through  tot  of  111-'.  These  high  rotational  states  of 

111-'  a re  slowly  re  1 a \ ed  by  R -*  i T * , R * t ene  rgy  - t ranster  proyessrs. 

The  traiectory  study  provided  temperature-dependent  rate  coefficients 
for  the  formation  of  111-'  m high  rotational  states.  These  calculated  temper. itun 
dependent  rate  coefficients  cannot  be  compared  directly  yvith  the  experimental 
tempc  rat u re -dependent  rate  coefficient  for  the  v ibrat  ion.il  deact  iv  at  ion  of 
1 1 1 ' I y | l)  in  pure  III-'.  The  latter  should  be  called  an  "empirical  quenching 
coefficient"  since  it  represents  the  net  removal  rate  ot  HT'(v  ^ 11  through  a 

number  ot  energy  transfer  channels.  The  previous  analyses  used  to  deduce 
the  experimental  results  did  not  consider  y -»  R and  R v energy  - transfer 
processes,  which  are  believed  to  be  important  in  the  vibrational  de.utiv.it  ion 
of  lll-’(v  t 1.  In  fact,  the  experimental  methods  to  date  are  not  capable  of 


mo.isuritiy;  dirootls  (ho  actual  r.ito  uooffiuionts  fur  tbo  ono  rjiy- 1 ranstor 
p rou-ssi's  prodntod  by  tbo  trajoctory  study. 

l'ho  r.ito  voolfic  ionts  wo  ro  incorporatod  for  \ -»  U,  H -*  v,  K -*  ( T . U I. 
and  (R  . 1’  l -*  U onorgy  - 1 r.tnsfo  r prouossos  obt.unod  from  tbo  tru.jootorv  study 
into  .1  nonoquilibrium  kinotio  lompulor  program  that  models  the  shook  tubo 
la  so  v - induood  tluoroscoiK'o  touhniquo.  Ibis  study  is  dosi^nod  to  dotormino  it 
tins  rot.ition.il  tiotioquilibnuiii  modol  o.ut  roproduoo  tbo  oxporimont.il 
t ompo  ratu ro -dopondont  qiionolintj’  rato  ooot t'io iont s tor  tbo  vibr.uion.il  doavti 


\ .it  ion  ot  1 ll'b\ 


t 1 In  HI-. 


II.  MODEL 


I 


A computer  rode  was  developed  in  order  to  calculate  the  time-dependent 
HF(v.,  Jj)  concentrations  in  defined  vibrational  v^  and  rotational  Jj  states 
for  specific  kinetics  experiments  relevant  to  energy  transfer  in  HF.  This 

i-4 

code  is  an  extension  of  the  nonequilibrium  chemistry  and  gasdynamics  code 
(or  NEST  code)  to  consider  rotational  nonequilibrium  effects.  Until  now,  in 
NEST,  it  was  assumed  that  HF  species  were  in  rotational-translational  equilib- 
rium at  all  times,  whereas  the  kinetics  between  vibrational  levels  only  could  be 

l 3 

represented.  The  relation  of  Wilkins'  predicted  rate  coefficients  with  experi- 
ments can  only  be  understood  with  a more  sophisticated  model.  As  a test  of 
this  model,  an  attempt  was  made  to  duplicate  the  anomalous  results  of  the 
experimental  rate  coefficient  for  HF(v  = 1)  self- relaxation,  with  its  pronounced 


minimum  at  about  1400  K.  Since  the  principal  method  of  experimental  study 

1 4- 10, Id 

has  been  laser-induced  fluorescence,  ’ ’ often  coupled  with  a shock 

tube^’  or  heated  cell,^’  ^ ^ model  initial  conditions  have  been  defined  to 


replicate  these  approaches. 

The  generation  of  time -dependent  HF(v  j,  J ^ ) densities  by  the  model  is 
required  for  comparison  with  actual  experiments.  These  computer  number 
densities  can  be  summed  over  J^,  and  the  sum  then  analyzed  in  the  same  man- 
ner as  in  actual  experiments  in  order  to  deduce  those  empirical  quenching 
coefficients  reported  by  experimentalists.  The  relationship  between  these 
empirical  quenching  coefficients  and  rate  coefficients  for  different  modes  of 
energy  transfer  is  discussed. 


1 ) t 1 IF  quenching  a re 


The  nn'clunisms  of  importance  for  HF(v. 
lose  ribed  by  \ — R one-  rgy- 1 ransfe  r processes 


k ‘'(J  J .J  .J,) 
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The  v — R processes  in  Eq.  (1)  rofloct  the  main  results  of  a recent  trajectory 

>3 

study,  “ which  predicted  that  in  one  out  of  three  HF(Vj  1.  .Tj)  + HI-  tv,  - 0,  J,l 
collisions,  one  quantum  of  vibrational  energy  of  HF(v.  1,  J,)  is  transferred 
to  rotational  energy  of  the  same  molecule  with  almost  no  change  in  the  distri- 
bution of  internal  energy  of  the  IIF(v,  0.  J,)  molecule.  For  the  range  ot 
study  10  i.  J ' i.  It),  the  energy  defects  for  the  v — R processes  in  Eq.  (1) 
are  much  smaller  than  would  be  predicted  if  both  reagent  and  product  HF 
species  were  assumed  to  be  rotationless.  The  rotationally  excited  HF  mole- 
cules in  the  v'  0 vibrational  state  are  relaxed  by  collisions  with  other  HF 
molecules  bv  wav  of  tin-  R — (R\  T'l  energy-transfer  processes  given  in  Eq.  (Z) 


The  R -*  (R',  T ' ) mechanisms  with  AJ  = -1  are  the  main  processes  for 

deexcitation  of  rotationally  excited  HF  species.  The  HF(Vj  - 0,  J'  ) species 

at  low  temperatures  will  have  a nonequilibrium  distribution  of  the  high 

rotational  states  because,  at  high  values  of  J,  spacing  between  the  rotational 

levels  is  so  large  that  a few  collisions  will  not  cause  rotational  relaxation 

23 

by  AJ  - -1  transitions.  In  trajectory  study,  it  was  predicted  that  rota- 
tional relaxation  from  the  high  J levels  to  the  low  J levels  with  multiple 
quantum  J-transitions  is  a very  inefficient  process.  A transition  from  J 3 
to  J = 2 occurs  about  one  in  three  collisions,  whereas  a multiquantum  transi- 
tion from  J = 15  to  J = 12  occurs  about  1 in  1000  collisions,  or  a transition 
from  J = 3 to  J = 0 occurs  about  1 in  50  collisions.  Even  at  low  J levels, 
the  probability  of  multiquantum  transitions  are  at  least  one  order  of  magni- 
tude smaller  than  the  probability  of  a single -quantum  transition.  In  this 
study,  only  single -quantum  deactivation  processes  are  used  for  the 
R -*  (R,)  T')  mechanisms  for  relaxing  the  rotationally  excited  states  of  HF. 

The  generalized  rate  equations  for  the  v -»  R and  R -*  (T7,  R')  energy 
transfer  processes  in  Eqs.  (1)  and  (Z)  are  given  as 


df.HF(v  j - 1,  Jj  )] 
dt 
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Table  1.  Rate  coefficients*1  for  v -♦  R and  R -*(R  . T j energy  transfer 
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the  total  rotational  partition  function. 
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m.  RESULTS  AND  DISCUSSION 


Typical  results  from  the  calculation  are  shown  in  Figs.  1 through  i. 

The  logarithmic  densities  of  HF(v  = 1,  J)  and  HF(v  - 0,  J)  are  plotted  as  a 

function  of  time.  An  essentially  exponential  decay  is  computed  for 

HF(Vj  = 1,  Jj).  As  with  the  actual  experiments,  the  empirical  quenching 

coefficient  k is  deduced  through  Eq.  (7).  The  calculation  is  performed  at 
emp 

several  HF  densities  in  order  to  verify  that  k is  indeed  the  result  of  HF 

emp 

quenching.  The  slope  of  the  inverse  characteristic  decay  times  versus 
HF(v  = 0)  densities  yields  the  same  computed  value  of  ^emp-  This  proce- 
dure has  been  used  by  experimentalists  to  ensure  that  the  deduced  observed 
quenching  coefficient  is  not  effected  by  competing  or  secondary  processes. 
Thus,  the  analytical  techniques  of  th"  r <perimental  workers  have  been 
duplicated  exactly. 

Vibrational-to-rotational  processes  predominately  cause  the  high  J 
states  of  HF(v  = 0,  J),  corresponding  to  the  states  of  Eq.  (1),  to  depart 
significantly  from  equilibrium  in  Figs.  Z and  3.  For  example,  at  t = 50  psec, 
HF(v  = 0,  J = 13)  is  four  orders  of  magnitude  greater  than  its  equilibrium 
density.  In  this  model,  rotational  inversions  are  also  computed  for  some 
J in  limited  time  domains. 

In  Figs.  1 through  3,  the  initial  amount  of  rotational  equilibrated 
HF(Vj  = 1 ) is  taken  to  be  0.  01  of  HF(v^  = 0).  For  this  case,  the  densities  of  the 
HF(Vj  = 0,  j'  = 10,  . . . , 14)  after  50  psec  are  equivalent  to  those  of  the  initial 
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Typical  compute  r - gene  rated  number-density  curves 
of  a laser- induced  fluorescence  study  of  HF(v.  1) 
t HF(vi  = 0)  molar  concentrations  of  HF(vj  I, 

J 1 through  5)  versus  t(psec).  T 300  K, 

P 0.-4?  Torr. 
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into  HF(\  | 11  state,  similar  tali  illations  indie  ate  that  the  densities  ot  the 

1 1 1 ' ( v ( 0,.l’  10,  . . , II)  alter  50  usee  are  down  l > \ almost  an  ordei  ol 

m a g n it  vide  train  lliase  at  the  1.0  pumped  c use . 1 liese  ei'inpuli  .1  n-sullt 

mean  that  the  presence  ot  the  .1  st  at  e s won  It  l lie  d i 1 1 it  u It  to  del  e et  and  t h it 

thi*  tna  gmt  usie  at  these  .1  ^ state  sle ns  it  ie  s are  qit  it  e sensitive'  to  initially 

exeited  \ ihrational  rotational  stall's. 

l'he  inverse  ot  the  quenching  rate  eoettieient  is  shown  on  a traditional 

1 ' 

1 aiulau  t eller  plot  m 1- tg.  -I,  where  1’  is  ph'tteil  as  a linu  tion  ot  1 

Ihe  calculated  quenching  loetticient  l ' ' . depicted  tor  peda  giigica  1 purposes 

hi  large  open  circles,  is  in  quite  good  agreement  with  the  available  expert 

mt'nt  a l dat  a . It  inirrases  with  uu  r ea  s mg  t empe  rat  u re  up  t o 1 > i I h . 

levels  ott  at  about  I -100  K,  and  then  begins  to  dei  rease,  l'he  range  i>t  studs 

is  '00  to  2400  K.  1 bus . the  model  is  able  to  repluute  the  hehasior  ot  tlu' 

empirical  quenching  eoettieient  tor  lll'(\  II  > HI'  relaxation. 

V he  agreement  ot  k is  within  ' , i’t  Hott  and  Osgood  insults  . . t 

emp 

'00  K hut  'I  smaller  than  that  ot  Stephen.  At  1000  k , the  agreement  w rh 

Hott*  and  lltnchen  is  exeellent.  whereas  k is  U'1’  smaller  than  the 

emp 

quenching  coettn  tent  ot  Hluir.  *'  At  2 400  K.  agreement  within  10  «'l  the 

' II  II 

results  ot  Hott  , Vu  si  l 'es  , and  .lust  is  still  a clues  ed  : hut  this  com  put  ed 

k ts  l smaller  than  the  number  ot  Solomon  or  Hlair.  H lien  it  is 

emp 

considered  that  our  model  is  constructed  from  theoretical  cross  sections 
liable  11  without  .ultustment  ol  parameters,  the  general  agreement  over  the 
entire  temperature  range  ssith  experiments  is  split'-  sat  i studs’ rv . 
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•1.  i'om]'.trison  of  romputor  model  dedm  ed  quenehini;  rail- 
eoeffn  dent  s '' ,.nlp  vv '•)'  expe  rimental  resells.  Vibrational 
r<  taxation  times  for  deaetivalion  1 1 !•'  t v II  by  111-',  l' 

values  are  plotted  versus  l'-'1  '. 
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quantum  number  J in  Figs.  11  through  8.  At  low  temperatures,  the  low 
rotational  states  (J  * v 81  have  a Boltzmann  distribution;  the  high  rotational 
states  (J  ' > 8)  exhibit  a non- Boltzmann  distribution.  At  high  temperatures 
( 1 > 700  Kl.  all  of  the  rotational  states  exhibit  a Boltzmann  distribution. 

In  Fig.  5 is  shown  the  incomplete  thermalization  ot  the  high  rotational 
1-levels  during  vibrational  relaxation  ot  HF(v  1)  in  pure  111-.  1 he 

maximum  rotational  nonequi librium  in  the  high  rotational  states  at  about 
t ">0  nsec.  As  t increases  from  ^0  to  800  nsec,  the  high  rotational  states 
tend  to  relax  rotationally  toward  the  Boltzmann  distribution  indicated  at 
t 0 psec.  In  fig.  5,  inverted  behavior  of  some  ot  the  high  .1  or  .1  ^ states 
with  time  can  be  observed. 

From  Fq.  (71,  k can  be  written  as 
' emp 


‘mP  1 1 1 F ( v , 0l|  {[  1 lF(v  , 111  - [llF 


— ‘Lf-V 

eql 


t he  L.  and  I.,  terms  represent  the  total  rate  contributions  to  (-dn,  dt  1 
t t>  r t 

from  \ — K and  K -*  \ processes,  respectivelv.  In  Fig.  are  curves  repre- 
senting the  temperature  dependency  ot  the  tour  parts  ot  the  expression  tor 

k : L .,  L.  , f 1 lF(v  _ 0)1 " 1 . and  f|llF(v.  l)l-[llF(v.  1)|  . 

emp  f b Z 1 1 eq 

The  initial  amount  of  HF(v.  1)  is  0.01  that  o t HFlv,  0).  In  Fig.  10, 
another  four  curves  are  exhibited  tor  the  high-temperature  conditions;  initial 
HF(v.  1)  is  0.  1 of  initial  HF(v,  0).  From  the  curves  given  in  Figs.  0 
and  10,  both  v — R and  It  — v processes  are  important  from  100  to  2000  K 
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Fiji.  8.  Molar  concent  rations  ot'  HK(Vj  0,Jj)  versus  rotational 
quantum  number  .1 ! at  various  times.  T 1000  K, 
l*  0.  -17  Torr.  1 
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111/ T,  K 

The  four  terms  in  Kq.  (H)  required  to  calculate  Ut.n 
versus  !03/T  (Kl.  HKlv,  1)  was  taken  to  be  0.  01 
of  lll'(v.  Oh  l it  is  the  rate  of  v - K processes 
affecting  d[HF(v  n)/dt.  I .b  is  the  rate  of  K *\ 
processes,  t 10  psec,  1’  0.4  7 loir. 
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emp  “ ' emp 
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in  nh  sin.iller  .it  iiii;het  t etii  pe  r .it  u r e s , whuli  pies  the  'iiorin.il  .ippe.i  i .iih  e 

ot  .i  r.ite  i oetlii  lent  with  .i  I * ile  pe  mleiu  e . Without  this  mterpret.it  ion 

■i  nil  ills  i s ion  !>\  the  il  1 1 1 «•  re  Hi  e o l two  tie  unities,  the  h i jjh  t e i n pe  r.i  t it  r e lop  .1 

k i.iunot  he  rei'l'oiliii  eil  1>\  tile  moilel.  the  nioilel  also  militates  th.it  even 
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ei|  ' emp 

It  appears  that  k is  a net  summation  ot  a series  ot  rate  terms 

1 emp 

rep  re  sent  me.  available  i ha  line  1 s tor  \ * K ami  Iv  * v mee  ham  sms  . I’.nlt  rate 

term  is  e s se  lit  i al  I v a lolli.ion  lrei|ueins  i on  s is  1 1 in;  ot  a prmliii  l ot  rate  roel 

In  li  nts  ami  lieiisities  ot  i iillliltne,  moleeules,  Kps.  t fth  ami  K'h  In  pen 

oral,  k van  have  s i pm  t n a nt  I v la  n;e  r or  smaller  values  than  the  uulivi.lu.il 

emp 

k ' i .1  . .1  .1  , .1  ,1  tcrins.  Moreover,  tin-  I empe  r a tu  re  ile  penile  in  • e ol  k 
t ' I .!  l 1 *'tnp 
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nee.  I not  have  the  same  behavior  as  the  tml  i v ulna  1 k pi  j . .1  , . .1  ^ . .1  , l terms. 

It  follows  then  that  the  rot  at  ionic  s s one  r,i',v  ilefeet.  iletmnble  trom  experi- 


•nts  on  k as  em  . also  has  no  me. mini;  when  ilete  miming  a 


"backward"  quenching  rate  coefficient.  The  individual  energy  defects 
«2kE^  j.  as  defined  by  Eq.  (1),  are  much  smaller. 

Evidence  of  high  jj  states  in  significant  rotational  nonequilibrium  con- 
ditions is  crucial  evidence  in  establishing  validity  for  the  v •-»  H processes  and 
this  model.  The  densities  in  Fig.  3 indicate  some  rotational  population  inver- 
sions. which  means  that  laser  action  on  pure  rotational  transitions  of  HE  might 
be  possible.  For  example,  Deutseh'1'  observed  laser  action  on  pure  rotational 
transitions  of  l IF  formed  by  the  F + 11,  chemical  reaction.  He  observed  rota- 
tional transitions  in  HF  from  energy  levels  corresponding  to  very  high  .1  values, 
which  indicates  a rotational  nonequilibrium  distribution  of  llF(v,  J^.  states. 

The  rotational  states  responsible  for  the  laser  action  observed  by  Deutseh 

li 

could  not  have  been  formed  from  the  F + H,  reactions.  It  would  appear  that 
the  high  J states  observed  may  have  been  formed  by  energy-transfer  processes 
involving  vibrational  relaxation  from  high  (v,  J)  levels  of  HE  where  multi- 
quantum v -»  R energy-transfer  processes  are  important.  This  is  believed  to 
provide  a plausible  explanation  for  the  high  J- states  observed  by  Deutseh. 
Krough  ' * lias  reported  lasing  in  flash-photolysis-initiated  HE  chemical  lasers 
involving  exceptionally  High  .1  states  and  has  invoked  versions  of  the  v -►  K 
mechanism  to  explain  the  results. 

Some  indication  of  rotational  nonequilibrium  has  been  given  by  Green, 

.11  11  51 

Sanders,  and  Hancock,  ’ ’ who  measured  HF(v  1)  self- relaxation  rates 

in  pure  HF  in  HF  highly  diluted  with  argon  by  means  of  the  laser-excited 
vibrational  fluorescence  technique.  They  found  that  HF(v.  1)  self- relaxation 


rate  observed  in  pure  HF  was  30 ‘/V  slower  than  the  similar  rate  with  HI'  diluted 
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in  a rgon.  They  speculated  tii.it  this  bohav  lor  was  a result  ot  iiu  ompleto 
the  rmalization  ot  the  high  rotational  states  during  v ih  rat  lonal  icl.t  \.it  ion  in 
pure  111'.  11  it  is  assumed  that  a quantum  of  vibrational  energy  *•!  tin  HK|\  ^ 11 

moleeule  govs  mostly  into  rotational  energy  ot  tin  same  molecule  upon  an 
HF(v  1)  f HF(v,  t))  collision.  tin  \ K mechanism  would  give  a l.ir^r  A.l 
change  with  a very  small  energy  defect.  In  Fig.  S,  the  incomplete  thermali/a 
tion  of  the  rotational  levels  speculated  on  by  vireen.  Sanders,  and  Hancock 
is  shown.  Such  evidence  is  c on  s id  o red  to  ho  indirect,  however,  and  an 
unambiguous  experiment,  which  reveals  very  high  • states  out  ot  equilibrium 
.is  a result  ot  the  v • K processes  in  111’  , is  still  to  he  pertormod. 


IV.  CONCLUSIONS 


The  empirical  quenching  coefficient  for  UF(v  II  t 111-'  vibrational 

relaxation  has  been  successfully  duplicated  with  good  agreement  over  tin 

entire  temperature  range  with  the  use  of  a rotational  nonequilibrium  model 

1 i 

and  rate  coefficients  computed  by  Wilkins.  The  key  processes  are  v -*  R 
and  R -*  v mechanisms,  which  give  the  problem  a multiple-channel  nature. 

Hie  puzzling  temperature  dependence  observed  for  HF(v.  II  vibrational 
relaxation  b\  llF(v,  0)  is  explained  by  this  model.  This  model  should  be 
equally  applicable  to  vibrational  relaxation  of  other  hydrogen  halide  mole- 
cules. This  theoretical  study  is  the  first  in  which  HF(Vj  11  vibrational 
relaxation  by  liF(v,  0)  has  been  fully  described  over  the  entire  temperature 
range.  It  also  confirms  previous  high  (>1400  lx)  and  low  (•  1000  K)  tempera- 
ture experimental  studies.  No  mechanisms  involving  dimerization  appear 
to  be  necessary  to  an  understanding  of  the-  inverse  temperature  dependence 
of  the  reported  quenching  rate  coefficients. 

Significant  high  rotational  state  nonequilibria  are  predicted  by  Wilkins 
and  this  kinetic  model  at  the  low  temperatures.  An  attempt  by  us  to  experi- 
mentally observe  these  high  J states  is  in  progress. 
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I H*  IVAN  A.  GETTING  LABORATORIES 

Vhe  ! aboratory  Opcralumn  of  The  Acro»p*i  r Corpuration  i»  londuiting 
expe  rimrnul  and  theoretical  investigation*  necessary  tor  the  evaluation  and 
application  ot  scientific  advances  to  new  military  concepts  and  systems.  \er 
satility  and  flexibility  have  been  developed  to  a high  degree  by  the  laboratory 
personnel  in  dealing  with  the  many  problems  encountered  in  the  nation's  rapidlv 
developing  space  and  missile  systems.  Expertise  in  the  latest  scientific  devel 
npments  is  vital  to  the  ac  complishment  ot  tasks  related  to  these  problems.  The 
1 aho r ator le s that  contribute  to  this  research  are: 

Aerophysic  s 1 aborator  y : launch  and  reentry  ae  rodynamic  s,  heat  trans 
ter.  reentry  physics.  ihrmual  kinetics,  structural  mechanics,  flight  dynamics, 
atmospheric  pollution,  and  high  - powe  r gas  lasers. 

i hemi str v and  Physic  s Laboratory:  Atmospheric  reactions  and  atmos- 
pheric  c.ptu  s.  c hemic  ai  reai  lions  in" polluted  atmospheres,  chemic  al  reac  tions 
ot  eii  .ted  pev.es  in  rocket  plumes,  chemical  the  rmodvnamtc  s . plasma  and 
laser  i nduc  ed  reactions,  laser  chemistry,  propulsion  chemistry,  space  vacuum 
and  radiation  rltn  t»  on  materials,  lubrication  and  surface  phenomena,  photo- 
sensitive materials  and  sensors,  high  precision  laser  ranging,  and  the  appli- 
, ation  ot  phvsits  anc)  chemistry  to  problems  of  law  enforcement  and  biomedicine. 

1 lev  t routes  Research  Laboratory : Electromagnetic  theory,  devices,  and 
propagation  phenomena,  nic  lucfuig  plasma  electromagnetics . quantum  electronics, 
lasers,  and  elr  c t ro - optic  s . communication  sciences,  applied  electronics,  semi- 
conducting. superconducting,  and  crystal  device  phvstc  s.  optical  and  acoustical 
imaging  atmospheric  pollution,  millimeter  wave  and  far-infrared  technology. 

Materials  Sciences  Laboratory;  Development  of  new  materials,  metal 
matrix  composites  and  new  forms  "of  carbon;  test  and  evaluation  of  graphite 
and  ceramics  in  reentry,  spacecraft  materials  and  electronic  components  in 
nuclear  weapons  environment,  application  oi  fracture  mechanics  to  stress  cor- 
rosion and  fatigue  - induced  fractures  in  structural  metals. 

Spa c e Sc lences  Laboratory:  Atmospheric  and  ionospheric  physics,  radia- 
tion trom  the  atmosphere,  density  and  composition  of  the  atmosphere,  aurorae 
and  airglow.  magnetosphenc  physic  s.  cosmic  rays,  generation  and  propagation 
ol  plasma  waves  in  the  magnetosphe  re . solar  physics,  studies  of  solar  magnetic 
fields,  space  astronomy,  x-ray  astronomy;  the  effects  of  nuclear  explosions, 
magnetic  storms,  and  solar  activity  on  the  earth's  atmosphere,  ionosphere,  and 
magnetosphere,  the  effects  of  optical,  electromagnetic,  and  particulate  radia 
lions  in  space  on  spare  systems. 
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